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Aims:  To  analyze  the  role  of  serum  miR-125b-5p  in reflecting  liver  damage  and  predicting  outcomes  in
chronic  hepatitis  B (CHB)  patients  with acute-on-chronic  liver  failure  (ACLF).
Methods:  CHB  patients  with  normal  hepatic  function  (n = 100),  moderate-to-severe  liver damage  (n  =  90),
and ACLF  (n  =  136)  were  included.  Among  hepatitis  B virus  (HBV)-ACLF  patients,  86  and  50  were  in  the
training  and  validation  cohorts,  respectively.  Serum  miR-125b-5p  level  was  measured  by quantitative
real-time  PCR.
Results: Serum  miR-125b-5p  level  increased  with  disease  progression,  and  serum  miR-125b-5p  level was
lower  in  surviving  than  in  dead  HBV-ACLF  patients.  Among  HBV-ACLF  patients,  miR-125b-5p  positively
correlated  with  total  bilirubin  (TBil;  r =  0.214,  p < 0.05)  and model  for  end-stage  liver disease  (MELD)  score
(r = 0.382,  p  <  0.001)  and  negatively  correlated  with  prothrombin  activity(PTA;  r =  −0.215,  p <  0.05).  MiR-
122  showed  a  contrasting  performance  compared  with  miR-125b-5p.  Cox  regression  analysis  showed
that  miR-125b-5p,  miR-122,  and PTA  were  independent  survival  predictors  for  HBV-ACLF,  and  low miR-
125b-5p  and  high  miR-122  levels  may  predict  a longer  survival  in  HBV-ACLF.  MiR-125b-5p  (AUC  =  0.814)
had  a  higher  performance  for  survival  prediction  in HBV-ACLF  compared  with  miR-122  (AUC  =  0.804),

PTA  (AUC  =  0.762),  MELD  score  (AUC  =  0.799),  and  TBil  (AUC  = 0.670)  alone;  predictive  effectiveness  of
miR-125b-5p  was  increased  by  combination  with  miR-122  (AUC  = 0.898).  MiR-125b-5p  was  an  effective
predictor  of  HBV-ACLF  outcomes  in the  validation  cohort.
Conclusions:  MiR-125b-5p  increase  is  associated  with  severity  of liver  damage;  high serum  miR-125b-5p
may  serve  as  a predictor  for  poor  outcomes  in  HBV-ACLF  cases.

© 2018  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Acute-on-chronic liver failure (ACLF) is a life-threatening con-
ition characterized by acute and rapid deterioration of previously
ell-compensated chronic liver diseases [1,2]. In China and most

ther Asian countries, hepatitis B virus (HBV)-associated ACLF
HBV-ACLF) patients account for more than 50% of ACLF patients,
wing to the high prevalence of chronic HBV infection [3]; it has

ecome one of the most lethal, prevalent, and cost-intensive dis-
ases. In past decades, ACLF patients have often been reported to
ither undergo liver transplantation or die because of shortage of
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donor livers. One of the major obstacles in the treatment of ACLF
is the lack of knowledge of the exact molecular pathogenesis and
broad-spectrum specific treatments. Additionally, diagnostic delay
or failure to diagnose contributes to the poor prognosis of HBV-
ACLF [4,5]. Thus, it is of great importance to find new biomarkers
for the early and accurate diagnosis of liver injury and disease pro-
gression in CHB patients.

MicroRNAs (miRNAs) are small, non-coding RNAs comprising
18–24 nucleotides, that regulate target gene or protein expres-
sion post-transcriptionally [6]. They play a role in various biological
and pathological processes, including those in the liver [7]. Stud-
ies have demonstrated stable detection of miRNAs in the serum and
plasma [8,9]. Because circulating miR-122 levels were first reported

to predict drug-induced liver injury [10], increasing numbers of
circulating miRNAs, such as miR-21 [11], miR-200a [12], and miR-
223 [13], have been reported as biomarkers for liver injury. They
may  even be better biomarkers than classical parameters (such as
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LT), as their levels fluctuate sooner than ALT levels during the
ourse of liver damage [14]. Recently, circulating miRNAs (such as
iR-125b-5p, miR-130a, miR-21-5p, and miR-143) have emerged

s promising biomarkers for liver injury in CHB-related diseases.
mong these circulating miRNAs, miR-125b-5p is of particular

nterest as miR-125b can regulate cell proliferation and apoptosis,
nd dysregulation of miR-125b has been found in several types of
alignancies, including prostate cancer [15], non-small-cell lung

ancer [16], and hepatocellular carcinoma (HCC) [17]. MiR-125b-
p, a member of miR-125b family, was recently reported to protect
uman hepatocytes against acute liver failure (ALF) [18]. However,

ts clinical validation data are still rare.
In this study, we analyzed the serum levels of circulating miR-

25b-5p in CHB patients with varying degrees of liver damage and
valuated the predictive value of serum-circulating miR-125b-5p
ith regard to short-term mortality in cases of HBV-ACLF.

. Patients and methods

.1. Patients

This study was a post hoc measurement of prospectively
ollected blood samples (Registration number: ChiCTR-PRCH-
3002984). All clinical information and serum samples of patients
ere obtained from the clinical biological sample library of our
epartment from April 2016 to March 2018. In all, 326 CHB patients
ere finally enrolled, including 100 patients with normal hepatic

unction (Group A), 90 patients with moderate-to-severe liver dam-
ge (Group B), and 136 patients with ACLF. Among HBV-ACLF cases,
6 were used for the training model (Group C) and 50 (including
0 and 30 samples from surviving and dead patients, respectively)
ere assigned to the validation cohort to further identify and con-
rm our preliminary findings (Group D).

Patients were excluded if they were infected with other hepati-
is viruses (including A, C, D, and E) or human immunodeficiency
irus (HIV) or if they showed evidence of drug-induced liver
njury, alcoholic liver disease (alcohol intake >40 g/d), autoimmune
iver diseases, diabetes, severe systemic illnesses, HCC, and other
umors.

This study was conducted in accordance with clinical practice
uidelines and was approved by the Ethics Committee for Human
xperimentation at West China Hospital of Sichuan University.

.2. Serum total RNA extraction and reverse transcription

Fresh blood was centrifuged at 3000 × g for 10 min  at 4 ◦C, and
he serum supernatant was collected, followed by additional cen-
rifugation at 3000 × g at 4 ◦C for 10 min  to remove any remaining
ells. Subsequently, the aliquoted serum samples were immedi-
tely stored at −80 ◦C until further use. To verify the quality of
nalyzed serum, the collected samples were examined by visual
nspection and spectrophotometric measurement at 414 nm to
xclude hemolytic samples.

The isolation of serum miRNA was performed using 200 �L
erum with miRcute miRNA extraction kit, according to the man-
facturer’s instructions (TIANGEN, China) [19]. The extracted RNA
as reverse transcribed using the first-strand cDNA synthesis kit

Sangon Biotech, China), and the reverse transcription reaction was

s follows: 10 �L miRNA RT Solution mix  (2×),  2 �L miRNA RT
nzyme mix, 0.1 mg  miRNA, and adding the reagent to 20 �L with
uclease-free water. Reaction conditions were 37 ◦C for 60 min,
5 ◦C for 5 min, and 4 ◦C until the end of the reaction.
 Disease 51 (2019) 412–418 413

2.3. Quantitative real-time RT-PCR

MiR-125b-5p and miR-122 expression was determined by
quantitative real-time RT PCR using miRNA qPCR detection kit (San-
gon Biotech, China), according to the manufacturer’s instructions.
The forward primer sequence for miR-125b-5p was CGTCCCTGA-
GACCCTAACTTGTGA, and forward primer sequence for miR-122
was CGTGGAGTGTGACAATGGTGTTTG. The reverse primers for
miR-125b-5p or miR-122 were universal adaptor primers designed
and provided by the Sangon Biotech Company (Shanghai, China).
The reaction system was  as follows: 10 �L miRNA qPCR master mix
(2×), 0.5 �L forward primer, 0.5 �L reverse primer, 1.0 �L cDNA,
and 8.0 �L of nuclease-free water. Reaction conditions were 95 ◦C
for 30 s, followed by 40 cycles at 95 ◦C for 5 s, and 60 ◦C for 30 min.
All samples were measured in triplicates. MiR-125b-5p and miR-
122 expression was normalized to endogenous control of U6, and
the fold change was calculated using the 2−��CT method (Bio-Rad
CFX Manager software).

2.4. Statistical analyses

Quantitative variables were expressed as the mean ± standard
deviation (SD) or medians with interquartile ranges (IQRs), and
categorical variables as absolute and relative frequencies. The t-
test or nonparametric Mann–Whitney U-test or Kruskal–Wallis test
was performed to calculated differences between quantitative data,
as appropriate. Correlation between two  quantitative variables
was analyzed using spearman’s bivariate correlation. The cut-off
values for quantitative variables, including serum miR-125b-5p,
serum miR-122, ALT, PTA, CHE, and MELD score, were calculated
using receiver operating characteristic curve (ROC). These indica-
tors were divided in two  groups (high and low), according to their
respective cut-off values, and then the survival predictors were
determined using Cox’s proportional hazards regression model. The
area under the ROC curve was also used to evaluate the validity of
miR-125b-5p for predicting the 28-day survival of patients. All sta-
tistical tests were two-sided and a p-value of less than 0.05 was
considered to indicate a statistically significant difference. The sta-
tistical software package used was  SPSS Version 18.0 for Windows
(SPSS, Chicago, IL, USA).

3. Results

3.1. General characteristics of all patients

The detailed baseline characteristics of 276 patients with dif-
ferent severity of liver dysfunction are shown in Table 1; the
main laboratory variables, such as prothrombin activity (PTA), total
bilirubin (TBil), and MELD score, were significantly different among
patients with normal hepatic function (Group A), moderate-to-
severe liver damage (Group B), and ACLF (Group C). The clinical
characteristics of Group D (validation cohort) were similar to those
of group C and no significant differences were found between them
(Table 1). Among HBV-ACLF patients in Group C (Table 2), the val-
ues for PTA, TBil, creatinine (Cr), cholinesterase (CHE), and MELD
score were all significantly different between surviving and dead
patients (p < 0.05).

3.2. Serum miR-125b-5p expression in patients with different
severity of liver damage

As shown in Fig. 1, serum levels of miR-125b-5p and miR-122

varied among three groups. Compared with the endogenous con-
trol, the mean fold change of serum miR-125b-5p was 1.38 ± 0.48,
1.83 ± 0.82, and 3.06 ± 1.20 for patients in Groups A, B, and C,
respectively (p < 0.01 for all comparisons; Fig. 1A). This finding
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Table 1
Clinical characteristics of all patients according to severity of liver damage.

Variables Group A (N = 100) Group B (N = 90) Group C (N = 86) Group D (N = 50) p Value

Group B vs. A Group C vs. B Group C vs. D

Age, years 43.2 ± 11.0 42.1 ± 10.9 44.7 ± 10.4 45.0 ± 9.8 0.025 0.001 0.967
Gender, M/F 76/24 67/23 74/12 40/10 0.806 0.054 0.356
PTA,  % 137.6 (113.3–164.1) 74.2 ± 11.9 33.9 ± 11.8 30.2 ± 11.5 0.001 0.000 0.459
TBil,  �mol/L 16.0 (10.0–30.0) 116.5 (55.6–189.0) 357.5 (250.9–460.4) 385.5 (250.9–497.2) 0.001 0.001 0.755
ALT,  ULN (IU/L) 26.0 (17.2–39.8) 328.5 (131.0–898.0) 264.0 (104.8–493.8) 255.5 (127.5–423.3) 0.001 0.113 0.896
ALB,  g/L 49.5 (44.5–53.2) 33.8 (30.1–41.0) 31.6 (29.5–34.1) 31.5 (28.6–34.2) 0.001 0.002 0.839
Amon, mol/L 19.0 (13.0–24.0) 56.5 (45.0–72.0) 66.0 (50.0–93.0) 68.0 (45.8–95.0) 0.001 0.012 0.761
Cr,  �mol/L 69.0 (63.0–78.0) 83.4 (69.0–95.6) 78.5 (60.0–101.0) 81.5 (56.5–134.0) 0.001 0.399 0.610
CHE,  log10 IU/L 3.97 (3.84–3.97) 3.7 (3.7–3.8) 3.6 (3.5–3.7) 3.6 (3.4–3.7) 0.001 0.001 0.068
WBC,  ×109/L 7.03 (5.84–8.33) 5.3 (4.3–6.8) 6.5 (5.60–8.87) 6.78 (5.54–9.09) 0.001 0.001 0.623
HBeAg (+/−) 64/36 55/35 30/56 21/29 0.681 0.001 0.408
HBV  DNA, log10IU/mL 5.33 (3.93–6.84) 4.61 (3.00–6.31) 4.39 (3.00–6.33) 4.77 (3.66–5.67) 0.045 0.285 0.509
Cirrhosis-n% 0 20 (21.7%) 76 (88.4%) 44(88.0%) 0.000 0.000 0.948
MELD  score NG 15.0 (10.6–17.9) 24.2 (20.4–28.6) 24.6 (19.2–35.4) NG 0.001 0.591

Abbreviations:  PTA: prothrombin activity; TBil: total bilirubin; Amon: ammonia; Cr: creatinine; CHE: cholinesterase. Group C was the ACLF training model cohort, while
Group  D was  the ACLF validation cohort.
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ig. 1. Serum levels of miR-125b-5p (A,B) and miR-122 (C,D) in patients with norma
nd  ACLF(N = 86, Group C) in the training cohort. The analysis shows that the two m
urviving and death among HBV-ACLF patients (B,D). The vertical lines indicate the r

uggested that serum miR-125b-5p levels significantly increased
ith disease progression. Among HBV-ACLF patients in the training

ohort (Group C), the mean fold change of serum miR-125b-5p was
ignificantly lower in surviving than in dead patients(2.52 ± 0.83 vs.
.82 ± 1.23; p < 0.001; Fig. 1B).

In contrast, serum miR-122 levels decreased with disease
rogression. Compared with the endogenous control, the mean

old change of serum miR-122 was 5.48 ± 1.68, 4.46 ± 1.05, and
.27 ± 0.91 for patients in Group A, B, and C, respectively (p < 0.001
or all comparisons; Fig. 1C). Among HBV-ACLF patients in the train-
ng cohort (Group C), mean fold change of serum miR-122 was
tic function (N = 100, Group A), moderate-to-severe liver damage (N = 90, Group B),
 expressions are significantly different among the three groups (A,C) and between
and the horizontal boundaries of the boxes represent the first and the third quartile.

significantly higher in surviving than in dead cases (3.60 ± 0.99 vs.
2.61 ± 0.53; p < 0.001; Fig. 1D).

3.3. Correlation between serum miR-125b-5p levels in the
training cohort and general clinical characteristics

Because PTA and TBil are two important factors for ACLF diagno-

sis, and MELD score is associated with the severity and prognosis of
ACLF, it is necessary to analyze the correlation between serum miR-
125b-5p and PTA, TBil, and MELD score. Serum miR-125b-5p level
was found to positively correlate with TBil (r = 0.214, p < 0.05) and
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Fig. 2. Correlation of serum miR-125b-5p in the training cohort with PTA, TBil, and M
characteristics (D–F).

Table 2
Clinical characteristics of ACLF patients with different outcomes in the training
cohort.

Variables Surviving (N = 50) Dead (N = 36) p-Value

Age, years 44.3 ± 11.2 45.3 ± 9.2 0.668
Gender, M/F  42/8 32/4 0.514
PTA, % 36.2 ± 11.2 26.5 ± 11.0 0.001
TBil, �mol/L 327.8 (237.4–426.5) 422.6 (322.5–531.9) 0.024
ALT,  ULN (IU/L) 262.5 (125.5–467.3) 271.0 (81.8–572.8) 0.652
ALB,  g/L 32.5 ± 4.3 31.1 ± 4.0 0.107
Amon, mol/L 70.0 (49.3–90.3) 68.0 (49.5–102.5) 0.684
Cr,  �mol/L 76.0 (61.5–85.3) 103.5 (62.0–215.0) 0.005
CHE, log10 U/L 3.3 ± 0.16 3.5 ± 0.16 0.003
WBC, ×109/L 6.4 (5.4–8.1) 6.78 (5.6–11.8) 0.179
HBeAg (+/−)  20/30 10/26 0.241
HBV DNA 4.36 (3.00–6.54) 4.51 (3.00–6.12) 0.493
Cirrhosis-n% 42 (84%) 34 (94.4%) 0.136
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We verified preliminary findings with 50 ACLF serums samples
MELD score 22.1 ± 3.7 29.2 ± 9.0 0.001

ELD score (r = 0.382, p < 0.01), but negatively correlate with PTA
r = −0.215, p < 0.05). In contrast, serum miR-122 level positively
orrelated with PTA (r = 0.231, p < 0.05), but negatively correlated
ith TBil (r = −0.221, p < 0.05) and MELD score (r = −0.282, p < 0.01).
owever, the correlations were relatively weak for both serum
iR-125b-5p and miR-122 levels with PTA, TBil, and MELD score

Fig. 2).

.4. Circulating miR-125b-5p predicting the 28-day survival of
BV-ACLF patients in the training cohort

The univariate and multivariate analysis results are shown in
able 3. As presented in the univariate analysis, serum miR-125b-
p, miR-122, PTA, TBil, ALB, blood ammonia, Cr, CHE, and MELD
core were significantly different between surviving and dead
atients; however, there were no statistically significant differ-

nces in sex, age, ALT levels, and white blood cell count between
urviving and dead ACLF patients. In multivariate Cox regression
nalysis, serum miR-125b-5p, miR-122, PTA, and CHE were signif-
ELD score (A–C), and the correlation of serum miR-122 with the three clinical

icant independent predictors for the overall survival of HBV-ACLF
patients.

The AUC values of clinical variables for predicting the overall
survival of HBV-ACLF patients are shown in Fig. 3. The AUC value
was 0.814 for miR-125b-5p (95%CI: 0.715–0.889), 0.804 for miR-
122 (95% CI: 0.704–0.882), 0.762 for PTA (95% CI: 0.659–0.848),
0.670 for TBil (95% CI: 0.560–0.768), and 0.799 for MELD score (95%
CI: 0.699–0.878). Although serum miR-125b-5p showed a higher
performance for survival prediction in HBV-ACLF compared with
serum miR-122, PTA, TBil, and MELD score alone, the difference in
AUC values between serum miR-125b-5p and the other four vari-
ables [serum miR-122(p = 0.888), PTA (p = 0.498), TBil (p = 0.048)
and MELD score (p = 0.829)] was not always significantly. However,
the AUC of miR-125b-5p + miR-122 combined was 0.898 (95% CI:
0.814–0.953) for predicting overall survival in HBV-ACLF, which
was significantly higher than that of either miR-125b-5p (p = 0.02)
or miR-122 (p = 0.027) alone (Fig. 3C). Thus, to a certain extent,
the predictive effectiveness of serum miR-125b-5p was greatly
increased by the combination with serum miR-122.

As mentioned above, univariate Cox regression analysis
revealed significant associations of serum miR-125b-5p (p < 0.001;
HR: 5.341; 95% CI: 2.709–10.531) and serum miR-122 (p < 0.001;
HR: 0.103; 95% CI: 0.031–0.336) with overall survival of HBV-ACLF
patients (Table 3). Therefore, HBV-ACLF patients were divided into
low and high serum miR-125b-5p or miR-122 groups, according to
the cut-off value of serum miRNA concentration (3.464 for serum
miR-125b-5p and 3.129 for serum miR-122). As per the survival
curves shown in Fig. 3, low serum levels of miR-125b-5p (Fig. 3D)
and high serum levels of miR-122 (Fig. 3E) were associated with
longer survival of HBV-ACLF patients.

3.5. The verification of serum miR-125b-5p levels in predicting
HBV-ACLF outcome in validation cohort
from the validation cohort and found that the mean fold change of
serum miR-125b-5p in surviving patients was  significantly lower
than that in dead cases (2.36 ± 0.63 vs. 3.72 ± 1.34, p < 0.001; Sup-
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Table 3
Univariate and multivariate analyses of parameters associated with overall survival of HBV-ACLF patients in the training cohort.

Parameter No. of patients (%) Univariate regression analysis Multivariate regression analysis

HR 95%CI p Value HR 95%CI p Value

Serum miR-125b-5p
Low miR-125b-5p 59 (68.6) Ref
High miR-125b-5p 27 (31.4) 5.341 2.709–10.531 <0.001 2.788 1.353–5.746 0.005

Serum miR-122
Low miR-122 54 (62.8) Ref
High miR-122 32 (37.2) 0.103 0.031–0.336 <0.001 0.187 0.053–0.659 0.009

Age,  years
<60 78 (90.7) Ref
≥60 8 (9.3) 0.863 0.265–2.817 0.808

Sex
Male 74 (86.0) Ref
Female 12 (24.0) 0.791 0.280–2.237 0.658

ALT,  IU/L
<698 75 (87.2) Ref
≥698 11 (12.8) 2.104 0.919–4.814 0.078

PTA
<  0.271 35 (40.7) Ref
≥0.271 51 (59.3) 0.239 0.119–0.480 <0.001 0.386 0.182–0.820 0.013

TBil,  �mol/L
<436.5 61 (70.9) Ref
≥436.5 25 (29.1) 3.074 1.593–5.934 0.001 1.592 0.782–3.244 0.200

ALB,  g/L
<33 55 (64.0) Ref
≥33 31 (36.0) 0.414 0.189–0.910 0.028 0.604 0.253–1.447 0.258

Amon, mol/L
<97.5 67 (77.9) Ref
≥97.5 19 (22.1) 2.232 1.112–4.482 0.024 1.499 0.707–3.179 0.291

Cr,  �mol/L
<101.5 64 (74.4) Ref
≥101.5 22 (25.6) 4.904 2.527–9.517 <0.001 0.732 0.255–2.104 0.562

CHE,  IU/L
<4500 56 (65.1) Ref
≥4500 30 (34.9) 0.234 0.091–0.602 0.003 0.246 0.081–0.744 0.013

WBC,  ×109/L
<4 15 (17.4) Ref
4–10 58 (67.5) 0.975 0.393–2.417 0.957
≥10  13 (15.1) 2.462 0.874–6.934 0.088

MELD score
<26.5 57 (66.3) Ref
≥26.5 29 (33.7) 7.290 3.591–14.802 <0.001 2.736 0.862–8.687 0.088
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bbreviations:  HR, hazard radio; CI, confidence interval. Serum miR-125b-5p, miR-
roups  in terms of their respective cut-off values.

lemental Fig. S1A in the online version at DOI: 10.1016/j.dld.
018.08.030). Serum miR-125b-5p seemed superior to TBil for pre-
icting the survival of HBV-ACLF patients (p = 0.034), whereas no
ignificant difference was observed between the AUC of serum miR-
25b-5p and that of other the two clinical variables [PTA (p = 0.700)
nd MELD score (p = 0.804)], quite consistent with the preliminary
tudies (Supplemental Fig. S1B in the online version at DOI: 10.
016/j.dld.2018.08.030).

. Discussion

Currently, no satisfactory indicators have been well and suc-
essfully applied to assess HBV-ACLF progression and prognosis.
herefore, an accurate assessment of disease progression and an
arly biomarker for prognosis is of great importance. The miRNA
esearch has been a hotspot in recent years, and miR-125b has
roved to play an important role in HCC [17], HBV replication
20], and ALF [18]. In this study, we investigated the association
f serum miR-125b-5p with liver damage severity and prognosis
f patients with HBV-ACLF in a real-world cohort. Before assessing
he relative expression of miRNA, we evaluated level of hemolysis

n all samples by visual inspection and absorbance measurement
t 414 nm to eliminate defective samples for accurate quantifica-
ion of miRNA in the serum [21]. The major findings with regard to
erum miR-125b-5p in the present study were as follows: (1) serum
LT, PTA, TBil, ALB, Amon, Cr, CHE and MELD score were divided into high and low

miR-125b-5p levels significantly increased with increasing sever-
ity of liver damage and serum miR-125b-5p levels were lower in
surviving than in dead HBV-ACLF patients; (2) serum miR-125b-5p
positively correlated with TBil and MELD score and negatively cor-
related with PTA among HBV-ACLF patients, but the correlations
were all relatively weak; (3) serum miR-125b-5p was an indepen-
dent predictor of overall survival in HBV-ACLF cases, with higher
performance compared with serum miR-122, PTA, TBil, and MELD
score alone.

Serum miRNAs have recently been found to be involved in liver
injury [22,23]. In this study, serum miR-125b-5p varied along with
disease progression. Compared with patients with normal liver
function, serum miR-125b-5p showed a gradually increasing trend
among patients with moderate-to-severe liver damage and those
with HBV-ACLF. Additionally, we found that serum miR-125b-5p
level was  higher in all three groups than in healthy volunteers
(data not shown). In fact, a recently published study reported that
CHB patients with moderate-to-severe liver necroinflammation
(G ≥ 2) had higher serum miR-125b levels than those with mild
liver necroinflammation (G < 2) [20], which was basically consis-
tent with the present findings. We  also compared miR-125b-5p

expression in different HBeAg statuses but found no significant dif-
ferences. However, a significant difference with regard to serum
miR-125b-5p was  observed between cirrhotic and non-cirrhotic
patients (p < 0.01, data not shown). In this study, we observed that
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ig. 3. The AUC comparison of serum miR-125b-5p (A) and miR-122 (B) detected in
iRNAs with miR-125b-5p or miR-122 alone (C). The 28-day survival curves for H

alues  were calculated with the Cox regression model.

iR-125b-5p expression was lower in surviving than that in dead
atients both in the training and validation ACLF cohorts, and this
nding was in agreement with the previous finding in ALF that
iR-125b-5p expression was lower in the sera of patients who

pontaneously recovered than in the sera of those who  did not
18].Thus, dynamic monitoring the serum levels of miR-125b-5p
ould help early prediction for further deterioration of liver func-

ion.
Intriguingly, serum miR-122 showed a contrasting performance

ompared with serum miR-125b-5p. Its levels were downregulated
s the liver injury severity increased and higher serum miR-122 lev-
ls were found in CHB patients with mild liver damage than in those
ith severe liver damage and liver failure; similarly, higher levels
ere found in surviving than in dead ACLF patients. These results
ere in agreement with other similar studies [24–26]. Indeed,
igh levels of serum miR-122 in surviving individuals were also
bserved in patients with ALF [24] and liver cirrhosis [26], which
o some extent was consistent with the present result. We  had to

ention that there seemed to be a negative correlation between
iR-125b-5p in peripheral blood and liver tissues because of an

verall declining trend of miR-125b-5p in liver tissue with increas-
ng severity of liver damage (data not shown). We  speculated that

iR-125b-5p originates from hepatocytes or other liver cells in the
orm of exosomes, microvesicles, or apoptotic bodies [27]. It may  be
eleased into circulation when the liver exposes to stress or injury.
he presence of miR-125b-5p in the serum is thought to correlate
ith liver damage, and could reflect the severity of liver injury to

ome extent. However, it is impossible to always maintain a high
evel of serum miR-125b-5p during the whole course of ACLF. It is

ell known that liver regeneration plays a key role in the process

f ACLF [28]. Thus, if the number of regenerative cells exceeds that
f apoptotic cells or if a patient is at a very late stage of ACLF, we
peculate that the miR-125b-5p in the peripheral blood and liver
issues both should be decreased.
aining cohort with PTA, TBil, and MELD score and the AUC comparison of combined
LF patients with low or high serum miR-125b-5p (D) or miR-122 (E) levels. The p

As reported in this study serum miR-122 showed a com-
pletely opposite performance compared with serum miR-125b-5p.
However, the mechanisms of contrasting performances of serum
miR-125b-5p and miR-122 remain obscure. Based on the existing
limited data, the different expression levels of miRNAs in the serum
may be relevant in the selective packaging of exosomes [29]. More-
over, miR-125b-5p and miR-122 have a different effect on HBV
replication. Evidence has shown that miR-125b-5p could stimu-
late HBV replication through its target LIN28B/let-7 axis, whereas
miR-122 could inhibit HBV replication by down-regulating cyclin
G1 and blocking the interaction of between cyclin G1 and p53
[30]. Thus, the contrasting performances of serum miR-125b-5p
and miR-122 may  indicate a complex interaction network among
miRNAs, viral replication, and liver damage.

Recently, circulating miR-125b-5p was  also considered an indi-
cator of acetaminophen (APAP)-induced liver damage and its levels
were dramatically elevated before ALT, rising to above 1000 U/L
[14]. Moreover, miR-125b-5p could distinguish APAP-induced
liver damage from ischemic-hepatitis damage, suggesting that
miR-125b-5p may  have an advantage over ALT and some other
common clinical indicators in reflecting liver damage. In the
present study, we  observed that serum miR-125b-5p weakly cor-
related with clinical parameters involved in ACLF, such as PTA, TBil,
and MELD score; AUC value for serum miR-125-5p was also higher
than that for PTA, TBil, MELD score, and miR-122. Importantly,
the predictive effectiveness of serum miR-125b-5p in HBV-ACLF
was greatly increased by combination with serum miR-122, with
high sensitivity and specificity. Thus, quantitative measurement
of serum miR-125-5p may  serve as a new important tool for the
management of HBV-ACLF.
There were some limitations in this study. First, healthy vol-
unteers should be included to confirm the normal levels of serum
miR-125b-5p. Second, miRNA coming from tissues and exosomes
should also be extracted and analyzed, as it would help give a more
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omprehensive assessment of miRNA change in deterioration of
iver function. Third, this was a single-center study with a rela-
ively small sample size. Thus, large multicenter cohort studies are
equired to confirm present findings.

In conclusion, serum circulating miR-125b-5p varies with the
eterioration of liver function. The increase serum circulating
iR-125b-5p is associated with the severity of liver damage, and

igh serum miR-125b-5p level may  serve as a novel predictor for
oor outcome in HBV-ACLF. However, because of the complicated
erformance of miRNA in cases of viral replication [20,30], HBeAg
tatus [31], and liver damage, more studies are needed to fully
eveal the molecular mechanism of miR-125b-5p involved in the
athophysiological process and the outcome in HBV-ACLF cases.
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